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The aeroacoustic carousel: a novel test facility
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Aeroacoustic testing in conventional wind-tunnel is difficult and expensive. In this paper an alter-
native configuration for such tests is proposed in which the model is moved through an anechoic toroidal
chamber. Some of the problems which would have to be overcome are discussed and a first attempt is
made to quantify the fluid dynamics of such a device, in order to estimate what size it would have to
be in order to be effective. The feasibility of using such a device for aeroacoustic testing is at present
undecided, as is its competitiveness in comparison with convention methods.
Nomenclature
d diameter of duct
g gravitational acceleration
K screen coefficient
p pressure
r radius of chamber cross-section
R radius of toroidal chamber
u velocity
U f linear velocity of screen
Um mean linear velocity of air
α Um

U f
β f  K  R  r
ρ air density
Introduction
CLOSED-CIRCUIT wind tunnels in which air isdriven by fans are widely used for aerodynamic
testing. For aeroacoustic tests, in which the radiated
sound field must be measured in the presence of flow,
they have two major problems: the fan makes them
noisy and the hard walls make them reverberant. The
ideal aeroacoustic test facility would be quiet and ane-
choic. It is difficult to satisfy these requirements in
a standard wind tunnel because anechoic and noise-
muffling treatments tend to increase flow resistance so
that the fan has to work harder resulting in more noise.
In this paper a novel alternative will be proposed which
will eliminate the fan and allow as much anechoic treat-
ment as desired.
The Aeroacoustic Carousel
The aeroacoustic carousel, Figure 1, consists of a
toroidal chamber whose interior walls are treated with
wedges (not shown) to make them anechoic and are also
sufficiently thick to prevent transmission of sound into
the chamber from outside. A model to be tested can
then be held inside the chamber by means of a sting,
which protrudes through a slit in the inner wall. An-
other sting (shown here on the opposite side) holds one
or more flow screens to damp out any turbulence in the
flow downstream of the model. The model and screens
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Fig. 1 The aeroacoustic carousel.
are rotated about the central axis. In an alternative
implementation the model and screens could be kept
stationary while the chamber is rotated about the axis.
This paper contains a discussion of the issues which
would affect the operational success of such a device,
and how they would vary with its size and speed. In
this way the feasibility and likely size of the aeroacous-
tic carousel will be examined.
Acoustic Issues
The aeroacoustic phenomena which would be inves-
tigated in such a facility scale with the Mach number
of the flow. In order to get significant levels of sound
generation it would be desirable to be able to operate
over a range of Mach numbers. The desired operating
speed will also, of course, depend on the application.
Automotive tests would require Mach numbers up to
0.15 or so whereas aerospace tests might require Mach
numbers up to 0.9. The carousel would not be suitable
for supersonic tests for a number of reasons.
In most tests it is desirable to measure the acoustic
radiation in the far-field, which means that the cross-
section of the chamber must be large compared with the
wavelength of radiated sound, not including the space
taken up by the anechoic treatment. For typical tests
an area of at least 1 square metre would be desirable
and more would be preferable. In order to measure
the effect of a body travelling in a straight line through
quiescent fluid the radius of the carousel should be as
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